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Design and Experiment of Mass Flow Sensor for Granular Fertilizer

JIA Honglei' WEN Xiangyu’ WANG Gang® LIU Huili® GUO Hui'
(1. Key Laboratory of Bionic Engineering, Ministry of Education, Jilin University, Changchun 130022, China
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Abstract; Variable rate fertilization has the advantages of improving fertilizer-utilization efficiency,
protecting ecological environment as well as saving agricultural production cost. But it has not been
widely applied yet, besides it is hard for getting the prescription figure, lacking closed-loop detection is
another major reason. Closed-loop control is one critical step towards realizing the variable rate
fertilization, compared with the indirect measurement which monitors the axis speed, it is more accurate
by monitoring the real-time mass flow rate. If there existed the fertilizer caking that blocked the fertilizer
apparatus, it is useless for monitoring the axis speed. Based on the electrostatic induction theory, a
sensor that could monitor the mass flow rate of granular fertilizer was designed. Owing to the frictions and
collisions between the granular fertilizer and the air, the granular fertilizer and the fertilizer tube, as well
as the frictions and collisions among the granular fertilizer themselves, therefore, the granular fertilizers

would carry a certain amount of electric charges. One ring electrode was designed to detect the strength of
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the electric charges, subsequently, a corresponding current amplifying circuit was utilized to export the
induced current. The real-time mass flow rate could be obtained by calibrating the relationship between it
and the induced current. One test-bed was established in order to finish the task, the test-bed mainly
included one dynamic signal acquisition system, one fertilizer box, one current amplifier and the sensor.
Large granular urea (CO(NH,),), superphosphate (Ca(H,PO,),-H,0) as well as potassium chloride
(KCl) were chosen as the research objects, their mean bulk densities were 0.7 g/cm’, 1.2 g/em’ and

the

approximate target mass flow rates could be acquired by adjusting the axis speeds, and the target mass

1.1 g/ecm’, respectively. According to the physical parameters of the fertilizer apparatus,
flow rates were ranged from 3 g/s to 15 g/s with increment of 1 g/s. With respect to each mass flow rate,
four replicates were conducted. Each replicate lasted for 30 s, and the fertilizer apparatus was started at
the same time with the signal acquisition system. The average induced current and average mass flow rate
were used to establish related regression equations, thus the real-time mass flow rate could be got by
interpolation method. Subsequently, totally 25 experiments of each fertilizer were conducted to study the
measurement accuracy, the targeted mass flow rates for each experiment were composited by five
randomized mass flow rates, and each mass flow rate would last for 6 s. The real mass during the 30 s
would be weighed by balance, while the detective mass was calculated by integrating the mass flow rate
and time curves. The experimental results showed that there was no significant difference between the
detective mass and the real mass (P > 0.1), and the detective errors for large granular urea,
superphosphate as well as potassium chloride were 3.9% , 5. 1% and 5. 9% , the corresponding standard
errors were 5.21, 7.98 and 11.29. In regards to the granular fertilizer, the larger of the superficial area
was, the easier of getting induced charge and saturation was. Consequently, the induced current would
be larger, and the detective ring electrode was more sensitive on relative larger induced current. The
mean diameters of the large granular urea, superphosphate and potassium chloride were 4.43 mm,
2.77 mm and 2. 03 mm, so the mean superficial areas should be in the same order, conclusions that
generated from the research results showed that the detective error was increased along with the decrease
of granular dimensions. SPSS 22. 0 was used to handle further statistical analysis, the error distributions
of three fertilizers were accorded with normal distribution, which meant the errors would be within +6%
under most of circumstances, the mathematical expectations of the detective errors were 3. 74% ,4.93%
and 5.22% for large granular urea, superphosphate and potassium chloride respectively. The mass flow
rate sensor that used for granular fertilizer could satisfy the requirements of real-time detection, the test-
bed that designed could provide references for the research of variable rate fertilization.

Key words: granular fertilizer; mass flow; variable rate fertilization; fertilization test-bed; electrostatic

induction; sensor
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Fig.2 Mass flow rate sensor for granular fertilizer and

current amplifier

LUk AR A AR SR 2. L R ROR A

2 IRE

2.1 HERBAER

fili /il DH5922N B &5 {5 5 R £ R4 (VLI AR e
ML A IR A AR 5 RE RS K&
TR Z2 05 W JEROSE L UL , 1 5 MR~ et R JE T
AR 3 A7 BR 2 W] 427 19 2BDB — 6 BLUK &
D5 A28 BEAFRE LT i T e IE A HEAC A% VHENE A8 L K
EMNZARERECR SEFS R ENE 3 s
Abr s i 5, I K B 1 EARHE QL 4 5 e
B, B8 HLBR B B0 B AR IE A% RS R
37 em iy T T EARAG 2 4 UL AL RE B R 3 S X



BT

BUHETR A WURADRHR G R a2 B Sl 133

F JER IO FEL O (L, A BT S i R 4 B r AL (IR I T o 3
BRE A B 00 A PR S =) 2 ] HEAE il 19 5% T

4 %) 6

K3 RS
Fig.3 Fertilization test-bed
LS fESRERS 2. 0HRNL 3. S HEmpLERS 4. B
S.BHERAL 6. FFAEHN 7. HEAE 8. AMEFRAHEALAE 9. AL
10, JBURLICRL BT R U AL 1L BLOR AR

2.2 BRESE
T LR T S 2 AT XA O 4 AR 5
K, R T AN A 5 BRI i sk 3 B
AR A3 WIS 50 3 TG B S — J2 vl A8 J5 R
PRI ZE R 8 S R SCIR B v, = S 0 A BF 5 op 0 1
AL F LG AL T4 10 min , M TIT 38 66 25 4038 B2 o
6 K5 2 £ 5% 00
AT 1 K OB IR 2 (CO(NH,),) it B R
45 (Ca(H,PO,),-H,0) FALH (KC) BEATHRE , 8
Ao KT R A B [ 3 R A P £ 25 1 4y
B 0.7, 1.2, 11 g/em’ . A7 5E WA 25 U K
25°C 28 A X I Sy 40% , g Bk 4 I BE g B
7R3 R R A I AR X EE K T 45% , W Lk A
) 3 FAERL 2 R o i 3 R S R i
L 3R Hak 3 42k 7 059 I I B % 3, A O 5% 97 32 114
AR A A 7 4 N IV A 4% kS U4 1 25 AR
15,5 em® KR 5. S em, 3 3 A HE AR R 46 76 HE
AL 28 5% K P B A 280 T A K B T 4 4% R B 11T 4 A
BTAEZ TN 10 em® . RBEASBFZE b IF FH G 3 FhIE
e 147 B 203 HIE NS [UT 4 150 A 280 T 2 L, DU I A
SR B HEAR 25 8 70 em® AR HE AR R 5 3 A %
£ Bl 6 3 g 1 0 5K
_M e
t Tp
A m——HEE A 3 o/ min
p—HE MR A E, g/cm’
3 AR Y AR R 3 ~ 15 /s, OF
DAL g/s 3394, 45 AU FE 45 i A Rk O 4 HEAT
4 YR S 4 VR T R R 4 14 R 0 HE A

(3)

o FEFRES RERGE S S H B, WS
WY AT RAE SR BET IR E K 30 s, ffi ] CTP K
S (b AR DR A 25 A RS 7)) I 30 s 1A A HEHE R
BRGSO B 155 R4 ARG R B
HBEE N 10 Ha , AHFSE R 30 s P9 LI 00 2 (5
J R E A WS O R SRR 4 TR . SR
SPSS 22. 0 A Xof B XS By B U7 5 A R O e R AT
(6] U0 247 , 8 57 1800 7 8, ) P4 {1 9% B AT o s ek i
L I A5 S N e T P R R R R il CHaR S
AR, 0L B 7% B B AT 7 O R R O
F9 2 Bt 0 18
30

() JK# (CO(CN,),)
HEROREIHEO)

L /mA

= - .
4=0.533x+0.511
R?=0.9797

JiT -s)
Pl 4 JBURLAE A} B ek i ek 55 SN HL WAL YOG 2R it 4%
Fig.4 Relationship between mass flow rate of granular

fertilizer and corresponding induced current
3 Ww

[Fi) A T8 45 R OB PR 3R i Wl R A | S AL B 4T3
B AESE, AR AT 25 WO AR, g ok H
AR 7 HEAC B2, HEAC I [R]T5 SR 5 € 30 s, i B S
(1) A 368 a9 75 200 g e AL A5 o] e fo I Al ) e e
5 WAL, B ML AR 22 6 s, B Y B8 KA Ol BE
B E LR 1 g/em’ B E R T RT3 ~
15 g/s Z [a], W% 3 N 4 F 2 ~ 13 r/min, 3% ] Matlab
R2016a B A L 2 ~ 13 Z [H] (1) 25 x 5 FEAILAE FF , J6
MErh igoe R o 3 Bl IR RHAE 25 Y5 v /Y HE AL il %
B, W A U R HE AT UKL, 1258 ) FR
AR A TR Y 52 B o R A D A LSS . UL
JIE ek I S dak i 14 A U 45 8 1 10 Haz, 3 3o I R} J5
UL Fe— I [A) £ A7 AR 20 SR AT B B A B A D
FR ) A, I A5 SR S R .

TE 2 F K a=0. 1, e K250 45 R 8s,3 Fh
JEAEL I B 5 B E Z B T % 22 5 (P >0.1)
WA FLSAH S DU R A T T A O 58 R B ) BORL IE
Jo b i R I R 22 IR ZE T A O

=077 x100% (4)
%

it':,j &£ i%%a%



134 g Ak Bl M ¥ 2020 4
. 450 - 450 -
260 | . .
L[] .l
20| Vet B P o 30T )
20 . i’i . ¢ @ e
ﬁ 180 - : 4 ] . o @ 3
® A T osof 4 a0l s
140 |- ¢ o
L] 1)
[ ] (]
100 40 180 220 260 150 250 350 250 150 250 350 250
B A/ B A/g HLSAH/g
(a) KIFRLIR R (b) 1 AR S (c)FLs
B 5 AmgR

Fig.5 Experimental results

y—HIMH g
K SPSS 22.0 FEXE 3 FIERE2 25 ik
LERBEAT G M, KOBURL IR 3L e 1R 45 L S fE

41 45 00 o R 25 00 3 A 3. 9% (5. 1% \5. 9% 5 iR 7%
AIARUEZE 43 50 O 5. 21.7. 98 (11.29, 3 FIE R 5
DR ZE W BB (4 73 A 45 R AN 6 Fa .

30 _ 30 25
25+ 25 — ok —
20 - 20+
§ § Q\»Q]S
g 1sr ALy i
K R Ko
10 101
" mall o 1 n H H
N s s s »5.A8 0 5o » 6.9 Q O e s s> 690
7 P e Yy A o NY PN A G N\ S N
i e P e P A S
R#E1% 1RZ% R#E1%
(a) KIBLIR R (b)) WAL 5 (OF 4
K6 IR 2 1 43 A

Fig. 6  Distribution of measuring errors

1 6 sh 3 BRI 22 19 43 1 45 A B
TEZ5 401, % JH SPSS 22,0 PR F- 85 M e 26 450 il 0%
I FH, MR 2 10 43 A 45 50 1 £ 30— 25 5
RoAlE , RiE LS R 1 R

x1 RESHERPESKE
Tab.1 Inspection results of normal distribution
24 RIBURL IR R 1 B R ES A
I 22 50 -0.325 -0.764 -0.835
W 5 22 %% 0.463 0.519 0.701

FT 3l R i 2R i R KRN T
1,000 A7 GA S 3R AR ORE 5 2 4 A 4T A IE S 4y
A 1270 BT IE A A0 AL T 0,3 b AR
AT T £6% LI, HE— 5 504 BT 15 51 Ok
JRZ i B RS A S I 15 25 F e 0 B A0
3.74% 4.93% \5.22% ., BRI REA I G245 5 5 5
S B S, RBURE IR 2 L W R A | ST A
R LR WA . 7E T RO A R, B 3 AR
LR L R A R 2 A e S R
FLE A, ] LS — POP(9) JEOG L BE 43 74X (3 [
TR TR ) A 3 b R AL HE AT 43 HT , 45 R
%2 PR,

R2 3WMEMHESWER

Tab.2 Analyzing results of diameters for three fertilizers

S8 KR R % FUR APk Rl
-2k 4%/ mm 4.43 2.77 2.03
BAZJEHE/mm  3.61 ~5.42 1.03 ~3.94 0.71 ~3.66

MF 2 ATLAFE i, RBURL IR R LI WL #5 . A AL
B BRSSP T 0, P T R R RS RO
W 2% TR U R A, IR R A H A 6 (E
SRS TR g MR AR (1 A L A, DU B AR I
H B 2 5T N R A 2 RR L B i o 1
V7 PR I SRR B T LA SR 5 4 UKL A R
R B T I T A OROBURE IR 114 S A

A
&

TE

=N

(1) FE 7 i v JRORE it BB 1 17 (81 (A kL AL R Jt
RS R THEE R S, KUW TR
FIURL R 38 G BRI S AL 3 B ISR ST 52,
X RV, FRL I -5 AR E AR B AL B YOG R AT T bR
.

(2) 50 45 R WoR , KRBUORL IR 3%l B R 5 | S
AEEI 3 b A A R FE Jo e 00 R 22 P B 4EL 23 ) A



B

BUHETR S WURACRHR R R R AR BT 5 1 135

3.9%

[3]

[4]

(5]

[7]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

7.98 11.29, Geit o Bon, 3 FpAE kIl & (5 5 IEAS R

5. 1% .5.9% 5 iR Z W AR MEZE 7000l O 5.21, HSHMHZ LR EZSR(P>0.1), HIEREN 5

& % x Wt

HUMPHREY E, LEE J G. A broader theoretical basis for variable rate fertilization; the incorporation of spatial and temporal
effects[ J]. American Journal of Agricultural Economics, 1997, 79(5) : 1734.

WERLIN L B, WHITNEY J B, MARELLO E C, et al. Are we introducing variables that iatrogenically increase the rate of
aneuploidy in women with advanced maternal age (AMA) undergoing in vitro fertilization (IVF)? [J]. Fertility and Sterility,
2010, 94(4) . 125.

CORNWELL C E, CARRELL D T. Variable oocyte incubation time subsequent to denuding and prior to ICSI has no effect on
fertilization rates, post-ICSI oocyte atresia, or embryo quality[ J]. Fertility and Sterility, 2001, 76(3) ; S126.

EWE, 0. AR AR B R i R SRR [T]. el TAR2AR, 2002, 18(5) : 28 - 33.

HAN Shufeng, HE Yong. Remote sensing of crop nitrogen needs and variable-rate nitrogen application technology [ J].
Transactions of the CSAE, 2002,18(5) : 28 —33. (in Chinese)

EEME, Fm, PRESY. AR AL s R s M2 R SRS TN [T ], ARk LA, 2009,25(10) : 82 -85,363.
WANG Guowei, YAN Li, CHEN Guifen. Comprehensive evaluation of effect of variable rate fertilization on spatial variability of
soil nutrients[ J|. Transactions of the CSAE, 2009,25(10) ;: 82 —85,363. (in Chinese)

PR, RO, BRALF, % BT R0 PUT L A EOR R MR BB AL 2 5F s e A (1] Rl LA == 4k, 2017,33(19) .
141 - 146.

CHEN Jing, WU Yongchang, CHEN Liping, et al. Economic benefit analysis of variable-rate fertilization technology in maize
(Zea mays) field based on partial budget analysis method [ J]. Transactions of the CSAE, 2017,33(19): 141 - 146. (in
Chinese)

FFL, R, ER, FORRILRX KGR ICHEF N AKX [T]. Rl TR, 2008, 24(5) : 143 - 146,315.
WANG Xinzhong, WANG Xi, WANG Chun, et al. Application test of soybean sowing by variable fertilization seeder in
Heilongjiang reclamation areas[ J]. Transactions of the CSAE, 2008,24(5) ;143 - 146,315. (in Chinese)

KATER, SRULYE, B, & BT CPLD R Rt e H RGO L SR T]. ol TRE%R, 2010,26(8) : 200 —204.
ZHANG Shuhui, QI Jiangtao, LIAO Zongjian, et al. Research and application of control system for variable rate fertilizer
applicator based on CPLD[J]. Transactions of the CSAE, 2010, 26(8) : 200 —204. (in Chinese)

A, £, BAEL, . #EAR B G Bt 5 [T]. Aol TR 4R, 2012, 28(6) : 20 - 25.
ZHANG Rui, WANG Xiu, ZHAO Chunjiang, et al. Design and experiment of variable rate fertilizer spreader with conveyor
chain[ J]. Transactions of the CSAE, 2012, 28(6) : 20 —25. (in Chinese)

FUE, A&, B, % AR RS R BT S5 [T ], Rl LR, 2016, 32(6) : 20 -26,316.
QI Xingyuan, ZHOU Zhiyan, YANG Cheng, et al. Design and experiment of key parts of pneumatic variable-rate fertilizer
applicator for rice production[ J]. Transactions of the CSAE, 2016, 32(6) : 20 —26. (in Chinese)

TBENE , BRI, /DR, 5. R WA S IEYLARIE R A 5156 [ /0L ], ROl ML= 4z , 2017, 48(7) : 97 - 103.

SHI Yinyan, CHEN Man, WANG Xiaochan, et al. Analysis and experiment of fertilizing performance for precision fertilizer
applicator in rice and wheat fields[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2017, 48 (7) :
97 —103. http: / www. j-csam. org/jesam/ch/reader/view _abstract. aspx? file_no = 20170712&flag = 1. DOI; 10. 6041/j.
issn. 1000-1298.2017.07.012. (in Chinese)

WG, WAL, EAE, F SRSHMELEERBEEE RS RSB [T/0L]. AL PSR, 2016, 47 (1
). 170 - 175.

YUAN Linghe, GU Dongdong, WANG Wanzhang, et al. Design and experiment of variable rate fertilization system of tri-wheel
high frame operation vehicle [ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47 ( Supp. ) :
170 - 175. http: // www. j-csam. org/jcsam/ch/reader/view _abstract. aspx? file_no = 2016s026&flag = 1. DOI; 10. 6041/j.
issn. 1000-1298.2016. S0.026. (in Chinese)

EANT, R, IVERE, . ZPERAARMENER RE B0 SR 0T]. 4ol TSR, 2015,31 (3 7)) : 88 -92.
WANG Xiaochan, CHEN Man, SUN Guoxiang, et al. Design and test of control system on variable fertilizer applicator for
winter wheat[ J]. Transactions of the CSAE, 2015,31( Supp. ) : 88 —=92. (in Chinese)

Zeetilt, Ry, AP TR, A KGR FOKFEM GRS IR B BT 5 [T]. Rl TR, 2016, 32(3) : 14 -21.

ZUO Xingjian, WU Guangwei, FU Weiqiang, et al. Design and experiment on air-blast rice side deep precision fertilization
device[ J]. Transactions of the CSAE, 2016, 32(3);: 14 —21. (in Chinese)

Wi, &f, H/NE, % TR PID iy /N AR HHE B M R g il S5 [J/0L]. Rl HL=~4k, 2016,
47(2): 71 -176.

CHEN Man, LU Wei, WANG Xiaochan, et al. Design and experiment of optimization control system for variable fertilization in
winter wheat field based on fuzzy PID[ J/OL]. Transactions of the Chinese Society for Agricultural Machinery, 2016, 47(2) ;



136 o Bl cE 2020 4
71 -76. http: // www. j-csam. org/jcsam/ch/reader/ view_abstract. aspx? file_no =20160210&flag = 1. DOI:10. 6041/j. issn.
1000-1298.2016.02.010. (in Chinese)

[16] Bryok, E6RI, BB, 4. ST ARM MR 2 I G REc et [T]. P ERYUE R, 2013, 34(4) : 130 - 133.
CHEN Guangda, WANG Yuegang, CHEN Sirui, et al. The design of precise variable rate fertilizer control system based on
ARM[J]. Journal of Chinese Agricultural Mechanization, 2013, 34(4): 130 ~133. (in Chinese)

[17]  EXA, £33 JFisd i i Wk 7 ik RO PELT ] AR, 2000, 20(6) : 14 - 17.

(18] Bk, B, WIRFT, . HTHANEELHILENRSEFELC]/ b ER L TR 43 2011 44 AR 44,2011,
71 Shuangfei, LUO Xiwen, MIAO Jungi, et al. Monitor system of precision fertilizer distributor based on capacitive sensor[ C] //
2011 Academic Annual Meeting of the Chinese Academy of Agricultural Engineering,2011. (in Chinese)

[19] JHAIB, DB, st™f6, & BETHAEMGERE G RERIT SR [T]. Rl TR%IR, 2017,33(24) : 44 -51.
ZHOU Liming, MA Ming, YUAN Yanwei, et al. Design and test of fertilizer mass monitoring system based on capacitance
method[ J|. Transactions of the CSAE, 2017, 33(24) : 44 —51. (in Chinese)

[20]  AHEEE, TOKHT, R, %, GIEALAEIERE RIS RO R )], RImtdedl K224 , 2016, 39(3) ; 511 -517.
YU Hongfeng, DING Yonggian, TAN Xingxiang, et al. Design and experiments on equipment for detecting performance of
fertilizer applicator[ J]. Journal of Nanjing Agricultural University, 2016, 39(3): 511 —517. (in Chinese)

[20]  TOKAT, TR B EARURORE B R i A 7 i i et S Be T [J]. 7D S5 ER 740, 2007, 21(6) ; 45 -48.
DING Yonggian, DING Weimin. Theoretic analysis and design of a new mass flow rate measurement method for solid granular
material[ J]. Journal of Electronic Measurement and Instrument, 2007, 21(6) : 45 —48. (in Chinese)

[22] #FW. ZIaeHIEHE AR & MR THFE D] FBH . 7m0l K2, 2009.

HU Fengshou. Design and research on the multifunction fertilizing performance test[ D]. Zhengzhou: Henan Agricultural
University, 2009. (in Chinese)

[23] VAN BERGEIJK J, GOENSE D, VAN WILLIGENBURY L G, et al. PA—precision agriculture: dynamic weighing for
accurate fertilizer application and monitoring[ J]. Journal of Agricultural Engineering Research, 2001, 80(1) ; 25 - 35.

[24] SWISHER D W, BORGELT S C, SUDDUTH K A. Optical sensor for granular fertilizer flow rate measurement[ J].
Transactions of the ASAE, 2002, 45(4) . 881 —888.

[25] BACK S W, YUSH, KIM Y J, et al. An image-based application rate measurement system for a granular fertilizer applicator
[J]. Transactions of the ASABE 2014, 57(2): 679 - 687.

[26] GRIFT T E, WALKER J T, HOFSTEE ] W. Mass flow measurement of granular materials in aerial application — Part 2
experimental model validation[ J]. Transactions of the ASAE, 2001, 44(1) . 27 - 34.

[27] DILLON C, SHOCKLEY J. Interactive effects of production practices on risk management potential of variable rate irrigation
and variable rate fertilization[ J]. Journal of Agricultural and Resource Economics, 2009, 34(3) . 549.

[28] R4, &k, KBUE, % REZEGEREEARTRUR S LRMKLI]. RILDIF, 2017, 39(10) : 1 -6.

CHEN Jin, ZHAO Bin, YI Shujuan, et al. Research on present situation and the development countermeasures of variable rate
fertilization technology in China[ J]. Journal of Agricultural Mechanization Research, 2017, 39(10): 1 —6. (in Chinese)

[29] MATSUSAKA S, MASUDA H. Electrostatics of particles| J]. Advanced Powder Technology, 2003, 14(2) . 143 - 166.

[30] WILLIAMS S R. Magnetic susceptibilities[ J]. Science ( New York, NY), 1921, 54(1398) . 339 - 348.

[31] YAN Y, REED A R. On-line flow measurement of particulate solids in pipelines[ C] // Proceedings of Imeko XV World
Congress, 1999.

[32] %%, E&H, TR ZEEITRMTRMERZMERLT]. gL 5408, 2010, 25(4) :50 -51.

RU Tiejun, WANG Jinming, QIAO Rongguang. Study on the hygroscopicity of compound fertilizer and its influence factors
[J]. Phosphate & Compound Fertilizer, 2010, 25(4) : 50 —=51. (in Chinese)

[33] FURLAN J M, MUNDLA V, KADAMBI J, et al. Development of A-scan ultrasound technique for measuring local particle
concentration in slurry flows[ J]. Powder Technology, 2012, 215 —216; 174 - 184.

[34] 291, ML AdOfRs iR i baEEmEm s (1], Dlkili, 2017 (3 T)) . 45 -48.

[35] REM. IPERSARBESERRIET]. NGBS 2T, 2016(17) : 48 -49.

[36] Tt s, B AR i ESVER I W AT Em e [T]. fEIEEE %, 2014,14(2) : 123 - 128.

MA Xinghua, ZHANG Jinxin. The comparison among the common normality tests for numerical variables[ J]. The Journal of
Evidence-Based Medicine, 2014 ,14(2): 123 —128. (in Chinese)
[37]  Zessmh. T e 1% B 0 0K T & B 5 [ D] dbse: Aedbe Jj K2, 2016.

LI Guanguan. Mass flow rate measurement of particles based on electrostatic sensors[ D]. Beijing: North China Electric Power

University, 2016. (in Chinese)



